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ABSTRACT 
 
MIS is a member of the TGFß family. The purpose of this study is to test the 
hypothesis that MIS and IFN-g might be moreeffective in the inhibition of breast 
cancer cell growth than either agent alone. We observed MIS and IFN-g co-
stimulate IRF1 expressionthrough NFkB and STAT pathways, respectively with a 
synergistic induction of CEACAM1 and MHCII mRNA expression, 
genesdownstream of IRF1. In concordance with this observation, treatment of 
MDA-MB-468 cells with either MIS or IFN-g inhibited growth andthe presence of 
both inhibited growth better. We observed that MIS promotes IFN-g-induced 
apoptosis demonstrating a functionalinteraction between these two classes of 
signaling molecules in regulation of breast cancer cell growth. To evaluate 
whether MIS and IFN-gmay be useful in breast cancer therapy, we determined 
whether the growth inhibitory effect of MIS and IFN-g observed in vitro would 
berecapitulated in vivo. Both MIS and IFN-g decreased the gain in tumor volume 
of MDAMB468 xenografts established in SCID mice.C3(1)Tag transgenic mouse 
model carries the SV40 large T antigen targeted to the epithelium of the 
mammary and prostate glands andprogression of disease in these animals 
correlates well with progressive stages of human breast cancer. Mammary 
tumors arising in theC3(1) T antigen mouse model expressed the MIS type II 
receptor. Administration of MIS to mice was associated with a lower number 
ofpalpable mammary tumors and the mean mammary tumor weight as compared 
with the control group (p=0.029). Different doses of mIFN-gwere injected into 10 
week old C3(1)Tag transgenic mice for 5 weeks intraperitoneally. Both 10ng and 
100ng mIFN-g significantly reducedthe tumor volumes and tumor weights in this 
mouse model. Analysis of PCNA expression and caspase-3 cleavage in tumors 
revealed thatexposure to MIS or mIFN-g was associated with decreased 
proliferation and increased apoptosis, respectively, and not due to decline in T-
antigen expression. Thus MIS and mIFN-g can suppress the growth of mammary 
tumors in vivo. Since, MIS improves the growth inhibitoryeffects of mIFN-g on 
breast cancer cell lines in vitro by augmenting IFN-gamma induced gene 
expression and apoptosis. Next, we treatedC3SV40 transgenic mice with mIFN-
g(10ng) and MIS (20ug) independently and in combination for 4 weeks. We 
observed that micereceiving both MIS and mIFN-g had less mean tumor volume 
as compared to mice receiving independent treatments. Thus, these 
resultsdemonstrate that MIS can improve the growth inhibitory effects of IFN-
gamma in vivo. This study indicates the possibility of using MIS. 
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Introduction

Mullerian Inhibiting Substance (MIS) is a member of the TGFß family, a class of molecules 
that govern a myriad of cellular processes including growth, differentiation, and apoptosis. 
However, a postnatal role for MIS in males and females has yet to be defined. MIS inhibits breast 
cancer cell growth by interfering with cell cycle progression and inducing apoptosis. We recently 
demonstrated the presence of MIS receptors in mammary tissue and in breast cancer cell lines 
suggesting that the mammary gland is a likely target for MIS (Segev, et al, 2000). In the rat 
mammary gland, expression of the MIS type II receptor is suppressed during puberty when the 
ductal system branches and invades the adipose stroma and during massive expansion at pregnancy 
and lactation, but is upregulated during involution, a time of tissue regressio. The decline in MIS 
type II receptor expression during various stages of postnatal mammary growth suggested a growth 
suppressive role for MIS in the mammary gland (Segev et al, 2001). 

Interferon regulatory factor-1 (IRF-1), a gene known for its growth inhibitory functions in 
breast cancer cells is induced by MIS and IFN-g through a NFkB and STAT pathway respectively. 
Treatment of breast cancer cells with MIS and interferon-g (IFN-g) co-stimulated the expression of 
IRF-1 and CEACAM1, a target gene of IRF1. A combination of IFN-g and MIS inhibited the 
growth of breast cancer cells to a greater extent than either one alone as assessed by MTT assay. 
Both reagents significantly decreased the fraction of cells in the S-phase of the cell cycle, an effect 
not enhanced when they were used in combination. Thus the enhanced inhibition of breast cancer 
cell growth by MIS and IFN-g could not be explained by combined changes in cell cycle 
progression compared to treatment with either agent alone (Hoshiya et al, 2003). 

We have demonstrated that MIS promotes IFN-g-induced apoptosis demonstrating a 
functional interaction between these two classes of signaling molecules in regulation of breast 
cancer cell growth. To evaluate whether MIS and IFN-g may be useful in breast cancer therapy, we 
determined whether the growth inhibitory effect of MIS and IFN-g observed in vitro would be 
recapitulated in vivo. Assaying the effect of MIS on mammary tumor models in vivo is critical to 
determine whether MIS could act as an anti-tumor agent. We have developed human breast cancer 
xenografts in SCID mice using MDA-MB-468 cells and demonstrated that both MIS and IFN-g-
when injected intraperitoneally can inhibit the growth of these breast cancer xenografts in mice. 
Using a C3(1)Tag mouse model, which carries the SV40 large T antigen targeted to the epithelium 
of the mammary and prostate glands and develops spontaneous mammary tumors, we have 
observed that mean mammary tumor weight and growth of tumors in IFN-g and MIS treated 
animals to be significantly lower than the vehicle treated controls. Analysis of PCNA expression 
and caspase-3 cleavage in tumors revealed that exposure to MIS was associated with decreased 
proliferation and increased apoptosis, respectively. 

Since, MIS improves the growth inhibitory effects of IFN-g on breast cancer cell lines in 
vitro by augmenting IFN-gamma induced gene expression and apoptosis. Next, we treated C3SV40 
transgenic mice with mIFN-g(10ng) and MIS (20ug) independently and in combination for 4 
weeks. We observed that mice receiving both MIS and mIFN-g had less mean tumor volume as 
compared to mice receiving independent treatments. Thus, these results demonstrate that MIS can 
improve the growth inhibitory effects of IFN-gamma in vivo. This study indicates the possibility of 
using MIS independently or in combination with IFN-gamma as an alternative therapy for the 
breast cancer cure. 
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Final Report (Body) 

Title: Mullerian Inhibiting Substance (MIS) augments IFN-g mediated inhibition of 
breast cancer cell growth. 

Specific Aim I: Characterization of the molecular mechanism that integrates IFN-g and 
MIS mediated signaling. (12 months) 

Task 1: To identify the molecular mechanism by which MIS and IFN-g induce IRF-1 
expression in breast cancer cells. (completed) 
MIS and IFN-g function through distinct molecular pathways. 

MIS and IFN-g induce IRF-1 expression in breast cancer cells. In order to identify 
the molecular mechanisms, by which MIS and IFN-g induce IRF-1 expression, gel shift 
assays were carried out using NFkB or STAT-inducing element (SIE) oligonucleotides 
containing the relevant DNA binding consensus sequences. MIS induced NFkB DNA 
binding activity.  The supershift experiments performed using anti p50 and anti p65 
antibodies demonstrated that the complex consists of p50 and p65 NFkB subunits in 
T47D cells (figure 1a). Binding to the SIE DNA sequence was not observed suggesting 
that MIS does not evoke STAT DNA binding in these cells. IFN-g however induced SIE 
DNA binding activity but did not activate the DNA binding activity of NFkB. Antibody 
supershift experiments demonstrated that the STAT-DNA protein complex induced by 
IFN-g contained the STAT-1 protein but not STAT-3 or STAT-5a (figure 1b). 

MIS + + +++ 

IFN-g + + 
+ + 

++++ + 

/p65 
/p65 

(a) (b)
Fig.1a Fig. 1b 

NFkB Consensus Oligo SIE Consensus Oligo 

Fig. 1. T47D cells were treated with 35 nM MIS or 1 ng/ml of IFN-g or both for 1 hour 
and 3 µg of nuclear proteins were analyzed by gelshift assay using 32P-labelled 
oligonucleotides containing the consensus DNA binding site for NFkB (a) or the STAT 
(b) proteins. (SIE: Stat Inducing Element) 
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MIS and IFN-g costimulate IRF1 expression through NFkB and STAT pathway. 
T47D cell clones, which express the dominant negative inhibitor of IkB (IkBa-

DN) were generated. Induction of IRF-1 by MIS was greatly reduced in the clone 
harboring IkBa-DN compared to cells transfected with the empty vector, however it did 
not interfere with induction of IRF-1 by IFN-g. MIS and IFNg costimulated the IRF1 
expression in T47D cells via NFkB and STAT pathway (fig. 2) (JBC, 2003). 

Vector IkBDN-1 

IRF-1 

18S 

Fig. 2. Vector and IkBa-DN-expressing T47D
cells were treated with 35 nM MIS or 1 ng/ml
of IFN-g or both for 2 hours and total RNA 
(5µg) was analyzed for IRF-1 expression. 

IRF-1 

Task 2: To determine if MIS mediated activation of IRF-1 occurs via Smad pathway 
(completed). 
Induction of IRF1 by MIS is independent of the Smad pathway 
MIS a member of TGFb family signals through Smad1 pathway. T47D cells stably 
expressing the Smad1DN transgene gene in which serines at residues 462, 463 and 465 
were converted to alanines were identified by northern blot. Similar levels of IRF-1 
induction by MIS in vector and Smad1DN transfected T47D cells (fig. 3) demonstrated 
that MIS mediated induction of IRF-1 does not require phosphorylation of Smad1.

Vector Clone5 Clone 16 
MIS - + - + - + 

Fig. 3 Expression of IRF1 in vector transfected and
Smad1DN was analysed by northern blot. 

18S 

Task 3: To test the effect of MIS and IFN-g on the gene expression of growth regulatory 
genes (completed) 

MIS and IFN-g induce the expression of CEACAM1 (JBC, 2003), p21 and MHC 
classII 

CEACAM1 (carcinoembryonic antigen-realated cell adhesion molecule) also 
known as biliary glycoprotein (BGP) is a Ca2+ dependent cellular adhesion molecule that 
is expressed in epithelial cells ( Thompson et al, 1994; Cheug et al, 1993 ). Both MIS and 
IFN-g induced CEACAM1 expression in T47D cells. Interestingly, simultaneous addition 
of MIS and IFN-g resulted in synergistic induction of CEACAM1 expression (figure 4a). 
IRF1 can inhibit tumor growth through the induction of p21, a growth inhibitory gene 
(Dornan et al, 2004). We observed that both MIS and IFN-g induce p21 expression in 
T47D cells as observed by Western blot analysis but the expression was not further 
affected when cells were treated with a combination of MIS and IFN-g for 4hrs (Fig. 4b) 

MHC classII, another gene downstream of IRF1 was upregulated by IFN-g (Storm 
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van's Gravesande, 2002). T47D cells when treated for 48hrs with MIS and IFN-g 
demonstrated a synergistic induction of MHCII mRNA (Fig. 4c). 

Thus, we have observed that MIS and IFN-g costimulate the expression of IRF1 
with a synergistic induction of the downstream genes CEACAM1 and MHCII in breast 
cancer cells. 

Fig. 4a. T47D cells were treated with 35 nM MIS or 1
ng/ml of IFN-g or both for 24 hours. Total RNA iso-
lated from cells was analyzed for CEACAM1 expres-

CEACAM1 

18S sion. Hybridization to 18S rRNA is shown. 

MIS IFNg MIS+ IFNg Untreated MIS IFNg MIS+IFNg 
0 2 4 2 4 2 4 

p21 
MHCII 

Fig.4b.  Expression of p21 in T47D cells treated with  IFN- Fig.4c.  Expression of MHCII in T47D cells
g( 5ng/ml) and MIS (5ug/ml) for 2 and 4 hrs as assessed by treated with IFN-g( 5ng/ml) and MIS (5ug/ml)
Western blot analysis for 48 hrs as assessed by Northern blot analysis 

Specific Aim II: Test the effect of MIS, IFN-g, or both on breast cancer cell growth
using in vitro and in vivo model systems. (24 months)
Task 4: To characterize the mechanism by which MIS and IFN-g inhibit breast cancer
cell growth (completed)

Effect of MIS and IFN-g on breast cancer cell growth 
Since the signaling events initiated by MIS and IFN-g converge to increase the 

magnitude of gene expression, we next tested their effect on the growth of breast cancer 
cells over a period of 1-8 days. Treatment of MDA-MB-468 cells with either MIS or 

Fig. 5. MIS and IFN-g were added at a concentration
of 35nM and 5ng/ml, respectively, to MDA-MB-468
cells seeded in a 96 well plate. Cell viability was
determined after 1, 2, 4, 6 and 8 days by analysis of
MTT conversion. Plates were anlyzed in an ELISA
plate reader at 550 nm with a reference wave length
of 630nm (n=8). 

IFN-g inhibited growth and the presence of both inhibited growth better (figure 5; n=8). 

MIS + IFNg 

IFNg 

MIS 
Control 

0 

2 

4 

6 

8 

10 

0 2 4 6 8 
Days after treatment 
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Early and Late

MIS and IFN-g synergistically increased apoptosis (JBC, 2003, article attached). 
Translocation of annexinV from the inner surface of the plasma membrane to the 

outside occurs after initiation of apoptosis and thus serves as a marker of apoptosis. 
MDA-MB-468 cells were treated with MIS, IFN-g or MIS+IFN-g for 96 hours and cell 
surface expression of annexinV was analyzed by staining cells with a FITC-annexinV 
antibody (Fig. 6a). Both MIS and IFN-g increase number of annexin V positive cells. 
However, treatment of cells with a combination of MIS+IFN-g together resulted in a 
synergistic increase in the fraction of cells in early and late stages of apoptosis. Thus 
growth inhibition of MDA-MB-468 cells following co-treatment with MIS and IFN-g 
results from enhanced apoptosis. 

0 

10 

20 

30 

40 

50 

60 

Con-
trol 

MI 
S 

IFN-g MIS + 
IFN-g 

Early+ Late Stage apoptosis (Zones  B+ C) 

*P=0.0017 

Fig. 6a MDA-MB-468 cells were treated with
5ng/ml IFNg or 5ug/ml MIS or both for 96 hrs. Cells
were stained with annexinV-FITC and DAPI and 
analysed by FACS. Percentage of cells undergoing
apoptosis is shown. Statistical analysis was done
using ANOVA. 

Thus, we have observed that a combination of MIS and IFN-g led to a greater 
degree of growth inhibition compared with either agent alone due to enhanced apoptosis 
rather than a combinatorial effect on cell cycle progression. 

Effect of MIS and IFN-g on activated caspase-3 
Both MIS and IFN-g increased the cleaved caspase3, an apoptosis marker in MDA-MB-
468 cells with an increase in the activated/ cleaved caspase3 when cells were treated in 
combination with MIS and IFN-g for 3 days as demonstrated by Western blot analysis in 
fig. 6b 

Untreated IFNg MIS MIS+IFNg 
Fig. 6b MDAMB468 cells were treated with
MIS(5ug/ml) and IFN-g(5ng/ml) for 3 days. Acti-
vated caspase3 was assessed using Western blot
analysis. 

casapse3 

Task 5: To test the growth inhibitory effect of MIS and IFN-g in vivo, selection of 
mouse model (completed). 
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In order to test the effect of MIS and IFN-g in vivo, we tested MDA-MB-468 and T47D 
breast cancer cell lines in nude and SCID mice by injecting the cells subcutaneously on 
the dorsal flanks. MDA-MB-468 breast cancer cell line formed xenografts robustly in 
SCID mice. 

Establish xenografts in SCID mice 

The MDA-MB-468 cells are ER negative, Rb negative, harbor a mutant p53 and 
are highly responsive to MIS and rhuIFN-g treatment in vitro. 

4x106 cells/site in 50µl of DMEM  were injected subcutaneously into the bilateral 
dorsal flanks of, 6-week old female SCID mice. Tumors appeared within one week of 
injections and did not demonstrate central necrosis. Mice were ear-tagged to monitor the 
kinetics of tumor growth at each site. Four weeks after the injection of cells, animals with 
tumors > 250mm3 were randomly divided into treatment groups. Thus, the SCID animals 
with MDA-MB-468 xenografts established on the dorsal flanks were used for further 
studies. 

Spontaneously arising mammary tumors in mice 

A transgenic mouse model for spontaneous mammary carcinoma was obtained 
from Dr. Jeffrey Green at NIH, in which targeted expression of the early region of the 
SV40 large tumor Ag was achieved using the promoter of the rat prostatic steroid binding 
protein. Mammary tumors in this model occur in 100% of mice with very early onset. 
Atypia of the mammary gland develops at ~8 weeks progressing to intraepithelial 
neoplasia resembling human DCIS at ~12 weeks with development of invasive 
carcinomas at about ~16-24 weeks. It has also been utilized in several studies to test 
novel therapeutic strategies on various stages of tumor progression (Wigginton , 2001). 
These tumors are ER negative and have functionally inactive p53 and Rb and thus 
complement MDA-MB-468 xenografts in SCID mice (Yin et al, 2001). 

Task 6: Determining the dose of MIS and IFN-g required for tumor regression studies 
(completed). 

Female SCID mice were injected with a single dose of 1µg rhuIFN-g and blood 
samples were drawn at various time intervals. Serum rhuIFN-g concentrations, estimated 
based on a standard concentration curve, increased in proportion to the dose, peaked at 
~1-3 hours and was undetectable at 24 hours. Serum of animals injected with 10 and 100 
ng rhuIFN-g once intraperitoneally had undetectable levels of rhuIFN-g 6-24 hrs after 
injection. Although, rhuIFN-g as high as 10µg injected once intraperitoneally did not 
cause any harmful effects to the animals but because of the known toxic effects of IFN-g, 
10-100ng rhuIFN-g will be injected intraperitoneally to these animals 5 days a week for 
4-5 weeks 

Human and mouse interferon-g proteins share 41% sequence homology and are 
species specific. Thus mouse IFN-g (mIFN-g; R & D systems) will be used to inject 
C3SV40 Tantigen mouse. 
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Previously, we have observed that 10mg rhMIS/ animal inhibits the growth of 
human ovarian cancer cell xenografts grown in nude mice (Drs. Patricia Donahoe and 
David McLaughlin; personal communication). Since, this dose had no harmful effects on 
animals and in order to further improve its anti-tumor effects we have injected 20 mg 
rhMIS/ animal intraperitoneally for 5 days a week with two treatment free days/ for 4-5 
weeks. 

Task 7: Once optimal dosages are estimated, animals with established tumors will be 
divided into four groups to administer (1) vehicle, (2) MIS, (3) IFN-g and (4) MIS + IFN-
g. Serum MIS and IFN-g concentration will be measured by ELISA. The tumor size will 
be measured by using calipers (completed). 

Ia) Effect of MIS on MDA-MB-468 tumor growth in SCID mice 

Results published in Gupta et al, PNAS 2005 (article attached) 

I b) MIS inhibits the growth of spontaneously arising mammary tumors in C3(1)
Tag mice in vivo 

Results published in Gupta et al, PNAS 2005 (article attached) 

IIa) Effect of IFN-g on MDA-MB-468 tumor growth in SCID mice 
MBA-MB-468 xenografts were grown subcutaneously and bilaterally in the dorsal flanks 
of 6-week old female SCID mice. A set of 10 mice with established tumors were divided 
into two groups of 5 each. Both groups were treated at the same time with either PBS or 
10ng rhu IFN-g/animal for 5 days a week with a treatment free interval of two days for 4 
weeks. Volume was calculated as LxW2 [length=L and width=W] at regular intervals. 
Gain in volume was calculated at the end of the treatment. IFN-g significantly reduced 
the growth of xenografts as compared to control animals (p=0.0043). 
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6 

control IFNg 

G
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o
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m

e Fig.7. Effect of IFN-g on MDA-MB-
468 tumor xenografts established in 
SCID mice. Tumor volumes were 
measured during treatment using 
calipers. 

IIb) IFN-g inhibits the growth of cells established from C3(1) Tag mice 
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In order to test the effect of low levels of IFN-g on mammary tumor growth in vivo, we 
first determined if IFNg could inhibit the in vitro growth of M6 cells established from 
C3(1) Tag mouse tumors. M6 cells (2500/ well) were treated with 0, 10, and 100 ng/ml of 
IFN-g for 6 days and cells numbers were quantified at 4, 5 and 6 days of treatment. As 
shown in figure 8, both 10 and 100ng/ ml mIFN-g inhibited the growth of M6 cells by 
51%, 74% and 86%, respectively (p<0.001 by two-sided Students’ t-test) suggesting that 
these mammary tumor cells are responsive to the growth inhibitory effects of IFNg. 
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Fig.8. M6 cells were 
treated with different 
concentrations of mIFN-
g. Number of cells were 
counted over a period of 
6 days after the 
treatment. 

Effect of IFN-g on the growth of mammary tumors in C3(1)SV40Tantigen animals 

C3(1)SV40Tantigen transgenic mice were divided into three groups of 8 mice each. 10-
week old mice were injected with 1) PBS 2) 10ng mIFN-g 3) 100 ng mIFN-g each day 
for 5 days a week for 5 weeks. Two weeks after the start of treament animals started 
having palpable tumors which were measured at regular intervals using calipers. At the 
end of the experiment, animals were sacrificed and tumors excised and weighed. Mice 
receiving mIFN-g had significantly less number of tumors as compared to control animals 
(Fig. 9) and the tumor growth in these mice was very slow compared to PBS animals in 
which tumors once appeared grew robustly. However, some of the mIFN-g treated groups 
with no palpable tumors also had hyperplasia or early stages of tumorigenesis. Animals 
receiving 10ng mIFN-g had a 50% decrease in tumor weight (p=0.03) with a 70% 
decrease (p=0.009) in mice receiving 100ng mIFN-g as compared to PBS receiving mice 
after 5 weeks of treatment (Fig. 9b). 
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Fig. 9. C3 SV40Tag mice divided into three groups 
received PBS or 10 or 100ng mIFN-g  5 weeks. Tumor 
volumes were measured at regular intervals using calli-
pers. 
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Fig.9b Effect of mIFN-g on the mean 
tumor weights in C3SV40 after 5 
weeks of treatment. 

Task 8: The tumors will be tested histopathologically to evaluate the histology of grafts 
(completed). 

Both MIS and IFN-g suppress proliferation of mammary tumors in vivo 
In order to determine whether suppression/delay in mammary tumors observed in 

MIS and IFN-g treated mice was due to decreased proliferation and/or increased 
apoptosis compared with that observed in PBS-treated controls, tumors were stained with 
antibodies against PCNA, a marker of proliferation, and cleaved caspase-3, a marker of 
early stage apoptosis. The extent of PCNA staining in the mammary adenocarcinomas 
resected from PBS-treated animals was uniform through out the tumors while the MIS-
treated adenocarcinomas demonstrated PCNA positive regions interspersed with PCNA 
negative patches (figure 10 a). The nodular atypical hyperplasia and mammary 
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intraepithelial neoplasia in the mammary glands of MIS-treated mice also demonstrated 
patchy PCNA staining. 

PBS MIS 

Fig10a.Immunohistochemical 
expression of PCNA (anti PCNA 
antibody from Zymed lab in 
tumors resected from PBS and 
MIS treated mice. A 
representative tumor from each 
group is shown 

In case of tumors from Interferon gamma treated mice, PCNA staining was dramatically 
decreased in both 10ng and 100ng IFN gamma treated animals. 

PBS 10ng IFNg 100ng IFNg 

Fig. 10b.Immunohistochemical expression of PCNA in tumors resected from PBS and 
Interferon gamma treated mice. A representative tumor from each group is shown 

Activated caspase3 was increased in MIS treated tumors as compared to PBS. In 
IFNgamma treated animals also staining for cleaved caspase3 was prominent and most of 
the tumors from Interferon gamma treated mouse stained positive for cleaved caspase3 as 
assessed by Immunohistochemistry analysis of tumors from PBS and Interferon gamma 
treated mice. 
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Fig. 11 a 

Fig. 11b 

PBS 10 ng 100 ng 

Fig. 11a, b. Caspase3 cleavage in PBS and MIS treated tumors (Fig. 11a) and PBS and 
IFN-g treated tumors (Fig. 11b) as assessed by immunohistochemically using anti 
caspase3 antibody from Cell Signalling. A representative tumor from each group is 
shown 

III) To test if MIS and IFN-g can inhibit the breast tumor growth better than MIS 
or IFN-g alone in vivo 

10 week old mice were divided into four groups of 5 animals each and received 1) 
PBS; 2) mIFN-g (10ng/ day); 3) MIS (20ug/ day); 4) MIS (20ug)  + mIFN-g (10ng)/ day 
for 5 days a week with a treatment free interval of 2 days for a total of 4 weeks. Two 
weeks after the start of treatment animals start showing palpable tumors. Tumor volumes 
were measured at regular intervals during the treatment and tumor weights were 
measured at the end of treatment. Tumor volumes which were obtained by LxWxW were 
found to be decreased in all the groups as compared to PBS control. Both MIS and 
mIFN-g reduced the tumors weights independently, however the combined treatment of 
MIS and mIFN-g reduced both the tumor weights and tumor volumes further as compared 
to the independent treatments. Thus, these results suggest that MIS can improve the 
growth inhibitory effects of IFN-g (fig. 12). 
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Fig. 12.  C3Sv40 mice were divided into four groups of 5 mice each and received 
PBS, 10ng mIFNg, 20ug MIS independently or in combination for 4 weeks and the tumor 
volumes were measured as LxWxW. 

Key Accomplishments: 

• MIS and IFN-g function through distinct molecular pathways. MIS induced NFkB 
DNA binding activity in breast cancer cells where as IFN-g functions through Stat1 
DNA binding activity as is observed by Gel shift assays. 

• MIS and IFN-g costimulate IRF1 expression in breast cancer cells through 
activation of NFkB and STAT pathways, respectively. 

• MIS mediated induction of IRF-1 does not require phosphorylation of Smad1 as 
similar levels of IRF-1 induction are observed by MIS in vector and Smad1DN 
transfected T47D cells. 

• MIS and IFN-g costimulate the expression of IRF1 with a synergistic induction of 
the downstream genes CEACAM1 and MHCII in breast cancer cells. 

• Treatment of MDA-MB-468 cells with either MIS or IFN-g inhibited growth and 
the presence of both inhibited growth better. 

• MIS and IFN-g co-stimulate the expression of activated caspase3, an apoptosis 
marker in MDA-MB-468 cells. 

• MIS and IFN-g together resulted in a synergistic increase in the fraction of cells in 
early and late stages of apoptosis as observed by enhanced translocation of annexinV 
from the inner surface of the plasma membrane to the outside, which occurs after 
initiation of apoptosis. 
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• To test the growth inhibitory effect of MIS and IFN-g in vivo, MDA-MB-468 
xenografts were established by bilaterally injecting 4x106 cells/site in 50µl of DMEM 
subcutaneously onto the dorsal flanks of SCID mice. 

• For in vivo experiments, IFN-g and MIS doses are determined. 10- 100ng 
rhuIFN-g were injected intraperitoneally to the SCID animals and mIFN-g to 
C3SV40Tantigen mice, 5 days a week with two treatment free days/ for 4 weeks. 

• MIS treatment (20 ug/ animal for 5 days a week with two treatment free days/ for 
4 weeks) decreased the rate of mean volume gain of tumors established as xenografts 
in SCID mice as compared to vehicle treated group. 

• Administration of MIS to C(3)SV40Tantigen mice with spontaneous mammary 
tumors was associated with a lower number of palpable mammary tumors compared 
with vehicle-treated mice, and the mean mammary tumor weight in the MIS-treated 
group was significantly lower compared with the control group. 

• rhuIFN-g (10ng) reduced the net gain in tumor volumes as well as tumor weights 
of the MDAMB468 xenografts in SCID mice. 

• Adiministration of mIFN-g (10ng or 100ng) per day for 5 days a week for 5 weeks 
to C3SV40Tag mice resulted in a decrease in net tumor weight and tumor volume in 
these mice. 

• Analysis of PCNA expression and caspase-3 cleavage in tumors revealed that 
exposure to MIS as well as IFN-g was associated with decreased proliferation and 
increased apoptosis, respectively, and not due to decline in T-antigen expression. 

• In order to test if combined administration of MIS and IFN-g can improve the 
growth inhibitory effects of IFN-g, we injected 20ug MIS,10ng mIFN-g or a 
combination of MIS and IFN-g to C3SV40Tag mice for 4 weeks and tumor weights 
and volumes were measured. Mice receiving both MIS and IFN-g had less mean 
tumor weights and voulumes as compared to either treatment alone. Thus these 
results suggest that MIS may improve the growth inhibitory effects of IFN-g and 
possibly we can further reduce the dose of IFN-g in combination with MIS as MIS 
does not have any known toxic effects. 

Reportable outcomes: 

Publications: 
1. V. Gupta, Carey JL, Kawakubo H, Muzikansky A, Green JE, Donahoe PK, 

Maclaughlin DT, Maheswaran S. Mullerian inhibiting substance suppresses tumor 
growth in the C3(1)T antigen transgenic mouse mammary carcinoma model.
Proc. Natl. Acad. Sci USA, 2005, 102: 3219-3224. 

2. V. Gupta, D. P. Harkin, H. Kawakubo and S. Maheswaran. Transforming growth 
factor-b superfamily: Evaluation as breast cancer biomarkers and preventive 
agents. Current Cancer Drug Targets, 2004, 4, 1-11. 

3. Y. Hoshiya, V. Gupta, H. Kawakubo, E. Brachtel, J.L.Carey,  L.M.Sasur, A. 
Scott, P.K. Donahoe and S. Maheswaran. Mullerian inhibiting substance promotes 
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interferon g induced gene expression and apoptosis in breast cancer cells. The 
Journal of Biological Chemistry, 2003, 278, 51703-12. 

Presentations: 
1. Gupta V, Carey JL, Kawakubo H, Muzikansky A, Green JE, Donahoe PK, 

Maclaughlin DT, Maheswaran S. Mullerian inhibiting substance suppresses tumor 
growth in the C3(1)T antigen transgenic mouse mammary carcinoma model. Era 
of Hope, June 8- 11, 2005, Philadelphia Convention Center, Philadelphia. 

2. “MIS promotes interferon-g mediated apoptosis of breast cancer cells”. 
V. Gupta, Y. Hoshiya and S. Maheswaran at “Molecular Targets of Breast and 

Prostate Cancer” 2003 Joint retreat for Programs of Cell Biology, Breast cancer 
and Prostate cancer in the DF/ HCC. 

3. “MIS promotes IFN-g-induced gene expression and apoptosis in breast cancer 
cells. Vandana Gupta, Yasunori Hoshiya,  Hirofumi Kawakubo, Elena Brachtel, 
Jennifer L. Carey, Laura Sasur, Andrew Scott, Patricia K. Donahoe and Shyamala 
Maheswaran at the SAC Poster 2003, MGH. 

4. “ Mullerian Inhibiting Substance promotes interferon induced IRF-1 expression 
and suppression of breast cancer cell growth” V. Gupta, Y. Hoshiya, 
P.K.Donahoe and S. Maheswaran at AACR, Feb. 2004 at Orlando, FL. 

Conclusions: 

1. MIS and IFN-g function through distinct molecular pathways in breast cancer 
cells. 

2. MIS and IFN-g induce IRF1 expression in T47D cells through NFkB and STAT 
pathway repectively. 

3. MIS mediated induction of IRF1 expression does not require Smad1 
phosphorylation. 

4. MIS and IFN-g synergistically induce CEACAM1 and MHC11 expression in 
T47D cells. 

5. MIS improves the growth inhibitory effect of IFN-g in breast cancer cells. 
6. MIS and IFN-g together resulted in a synergistic increase in the fraction of cells 

undergoing apoptosis. 
7. MDA-MB-468 cells grow robustly as xenografts in SCID mice when injected as 

4x106 cells/site in 50µl of DMEM subcutaneously onto the dorsal flanks. 
8. MIS treatment decreased the rate of mean volume gain of tumors established as 

xenografts in SCID mice as compared to vehicle treated group. 
9. Administration of MIS to C(3)SV40Tantigen mice with spontaneous mammary 

tumors was associated with a lower number of palpable mammary tumors and the 
mean mammary tumor weight as compared with the control group. 

10. Interferon gamma reduced the growth of MDA-MB-468 xenografts in SCID 
mice. 
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11. Both 10ng and 100ng mIFNgamma reduced the growth of tumors and net tumor 
weight of mammary tumors in C3SV40Tag mice. 

12. Analysis of PCNA expression and caspase-3 cleavage in tumors revealed that 
exposure to either MIS or IFN-g was associated with decreased proliferation and 
increased apoptosis, respectively, and not due to decline in T-antigen expression. 

13. To test if MIS and IFN-g can reduce the growth of mammary tumors better than 
IFN-g alone, mice with spontaneously arising tumors (C3SV40Tag) received both 
MIS (20ug) and IFN-g (10ng) in combination or independently for 4 weeks. At 
the end of treatment mice receiving combination of MIS and IFN-g had lesser 
tumor weights and volumes as compared to either MIS or IFN-g treated mice. 
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